The primary role of vitamin D is regulation of calcium, phosphorus and bone metabolism. Vitamin D status assessment is based on measuring of 25 (OH) D concentrations, and disorders of vitamin D status may be manifested as a vitamin D insufficiency, vitamin D deficiency and vitamin D hypervitaminosis. It is generally accepted that values above 75 nmol / L will suffice to prevent the occurrence of secondary hyperparathyroidism. Although vitamin D deficiency can be found at any age, it is most common in women with postmenopausal osteoporosis, and in older women. The aim of this study was to determine the vitamin D status, parathyroid hormone levels and calcium levels in women with newly diagnosed postmenopausal osteoporosis, and to compare the results with the same parameters observed and measured in women without osteoporosis, and to establish whether there is a connection between vitamin D levels and levels of other parameters. The study involved 85 postmenopausal women, all of which were screened for osteoporosis by measuring bone mineral density in the lumbar spine and hip region using DXA method. Of these, 50 women were found to have osteoporosis while 35 had regular DXA values. Our results showed a high incidence of vitamin D deficiency in postmenopausal women, with significantly higher vitamin D deficiency in women with osteoporosis. The values of parathyroid hormone were higher, and the values of ionized calcium were lower in women with osteoporosis, and there is a negative correlation between 25 (OH) D and parathyroid hormone. The most common risk factors for osteoporotic fracture in postmenopausal women were early menopause and previous fracture in adulthood. Reduced levels of vitamin D in women with postmenopausal osteoporosis leads to changes in calcium and parathyroid hormone metabolism
INTRODUCTION
Osteoporosis is the most common metabolic bone disease. The process is continuous and progressive, and it is considered that osteoporosis is a process that begins in youth (failure to achieve maximum density), and manifests itself in the older age (accelerated loss) (Richard et al, 2008) . It is believed that 10% of the world population suffers from osteoporosis. According to the World Health Organization [WHO] this disease, as a health issue, falls in the second place, after cardiovascular disease (Panneman, Lips, Sen, & Herings, 2004) . Basically, osteoporosis is a disorder of balance between the processes of resorption and new bone formation, in favor of the absorption process, which is more intensive than the process of new bone formation and leads to reduction of bone mineral density [BMD] and bone quality (Shoback, Marcus, Bikle, & Strewler, 2001) . Osteoporosis is a "silent" disease. Bone strength, and above all the BMD [bone mineral density] is reduced over the years without any symptoms of the disease which is often manifested in the form of spine, wrist and femoral neck fractures (Feskanich, Willett, & Colditz, 2002) , even without any inducing trauma.
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TABLE 1 Criteria for the diagnosis of osteoporosis according to the WHO/IOF.
Dg BMD (t score) Normal density ≥ -1.0 SD Osteopenia -1.0 do -2.5 SD Osteoporosis ≤ -2,5 SD Legend: Dg -diagnosis; BMD -bone mineral density.
(Framingham, SOF -The study of osteoporotic fractures, which includes 9.704 American women older than 65 years, EPOS -European Prospective Osteoporosis study of 3.173 women with an average age of 62.2 years and EPIDOS study of 6.933 women older than 75 years) (Brixen, Abrahamsen, & Kassem, 2005) . The definition of osteoporosis according to the WHO: "Osteoporosis is a metabolic bone disease, which is characterized by decreased bone strength and increased risk for fractures" (Tuck & Francis, 2002) .
Bone strength is a reflection of two main characteristics of the bone: bone quality, which refers to the bone micro architecture, bone remodeling, and microscopic damage to the existing bone tissue; BMD which is expressed in grams per unit area (g/cm 2 ) and is a clinical, rather than the physical measure which is determined by the maximum bone density in youthpeak bone mass and bone loss with aging (Iqbal, 2000) .
WHO in collaboration with the International Osteoporosis Foundation [IOF] defines osteoporosis on the basis of the degree of reduction in BMD (t score expressed as SD), which is obtained by densitometry (WHO, 1994) . The criteria for osteoporosis according to the WHO/IOF are in Table 1: Looking from overall Health and economic aspect, the importance of osteoporosis lies in its way to have an effect on fractures. The most serious consequence of osteoporosis is hip fracture, which always requires hospitalization, with high mortality during the first year after a hip fracture (National Osteoporosis Foundation, 2003; Siris, 2004) .
In everyday practice, the diagnosis of osteoporosis, as recommended by the WHO, is achieved by measuring BMD. In addition to reduced BMD other risk factors are important too, like genetic and acquired factors, and among them, those that can be changed and those that can't be changed (Table 2) .
The gold standard test for measuring BMD is based on low energy X radiation (DXA, Dual-emission X-ray Absorptiometry, previously DEXA), where the (Ettinger, 2003; McCloskey, 2006) . Patients diagnosed with osteoporosis and confirmed by DXA, can start their treatment using antiresorptive drugs (bisphosphonates), with the use of calcium and vitamin D. The latest recommendations issued by ESCE 09 is that the treatment should last at least 5 years, after which it can be paused provided patients do not have serious risk factors and that there has been a significant increase in BMD (Zizic, 2004) .
A large number of etiological factors may lead to a decrease in bone density, but the most common form of osteoporosis is postmenopausal osteoporosis (National Osteoporosis Foundation, 2003) in which the estrogen deficiency is a major risk factor in early and the late phase of bone loss in women, since estrogens have a very favorable, antiresorptive and a discreet anabolic effect on bone tissue.
Estrogens act directly on bone cells via estrogen receptors which are present in both osteoblasts and osteoclasts (although the expression of these receptors in bone cells is weak), and indirectly via growth factors. Estrogen is: increasing synthesis of calcitriol, slowing down osteoclasts, reducing the effects of resorptive cytokines, protecting osteoblasts and reducing receptor sensitivity to PTH (Nuti et al., 2009 ). This form of osteoporosis is characterized by altered bone remodeling, which occurs not only due to the deficit of sex hormones, but also due to physiological reduction of calcium absorption in the intestine and the kidney, due to reduction of the synthesis of D hormone in the kidneys and bone tissue, and due to reduction in physical activity (Greiwe, Cheng, Rubin, Yarasheski, & Semenkovch, 2001 ).
Vitamin D
Vitamin D is very similar to hormones synthesized in the body from its precursors. Whether it is synthesized in the skin or ingested with the food, vitamin D is biologically inactive. It is subjected to hydroxylation in the liver, in position C-25 under the effect of 25α hydroxylase, and it becomes 25-hydroxyvitamin D (25 (OH) D), which represents most of the vitamin D in the plasma, which is attached to the transport protein by which it is transferred to the kidneys. As the concentration of 25 (OH) D depends solely on the presence of substrate (pro-vitamin intake and sun exposure), it is an appropriate measure of the amount of vitamin D in the body. In the kidney 25 (OH) D is further metabolized by hydroxylation at position C-1 with the help of the enzyme 1α hydroxylase, to form an active form of the vitamin, 1,25-dihydroxyvitamin D (1.25 (OH) 2D, calcitriol or hormone D), through which it exerts most of its effects (Holick, 2007) . The active form of vitamin D is released into the bloodstream and bound with the carrier protein transcalciferin, by which it is transported to the target organs, where it binds to specific vitamin D receptors [VDR] with which it exerts its effects. The kidney is the main organ in which it is converted 25 (OH) D into calcitriol, but it is not the only place the synthesis of 1α hydroxylase takes place. Extrarenal synthesis of this enzyme has an important role in the immunoregulatory and autoproliferative effects of vitamin D (bone marrow, immune system, epithelial cells of the skin, breast, prostate, muscle and intestines). Extrarenal production of calcitriol is not sufficiently assessed, but it is believed that under normal conditions it does not significantly increase serum concentrations of D hormone (Bronner, 2001) .
The most important stimulators of calcitriol synthesis are hypocalcaemia and hypophosphatemia. Hypocalcaemia does not cause direct stimulation of synthesis of calcitriol, rather this effect is achieved indirectly through PTH. Reduction of calcium concentration in plasma increases PTH secretion, which in turn increases the activity of 1α hydroxylase and synthesis of calcitriol (Bischoff-Ferrari et al., 2004) . The estrogen and growth hormone [GH] , also stimulate renal 1α hydroxylation. Calcitriol actively stimulates the absorption of calcium in the small intestine and thus indirectly regulates the secretion of PTH. It increases the synthesis of transforming growth factor β (TGF-β), and IGF-1, increases the number of IGF-1 receptors, thereby stimulating osteoblastic proliferation and differentiation, increasing the synthesis of type I collagen and matrix proteins (osteopontin and osteocalcin), all of which are necessary for mineralization, function and metabolism of bone tissue, and thus contribute to the bone strength. It also acts on osteoclasts: indirectly through osteoblasts, and directly, suppressing the differentiation of promyelocytes into monocytes, which are the precursors of osteoclasts (Bischoff-Ferrari et al., 2005; Stevenson & Marsh, 2007) .
Vitamin D status is estimated on the basis of the concentration of 25 (OH) D levels. There are many disputes in terms of optimal vitamin D status in serum (Aloia, 2001 ). According to Peacock-in and collaborators, until recently, the lack of vitamin D was defined as concentration of 25 (OH) D serum in which a secondary hyperparathyroidism occurs, and in which there is a decrease in bone mass without the occurrence of hypocalcaemia or osteomalacia (Peacock, Selby, Francis, Brown, & Hordon, 1985) . Vitamin D deficiency leads to defective calcium metabolism, defective osteoblastic activity, and defec-tive matrix mineralization and finally leads to disorders of bone mineral density. Vitamin D deficiency is one of the most common causes of secondary hyperparathyroidism, and it is considered that the value of 25 (OH) D > 75 nmol/L can prevent its development. As defined in 2005, there is a high percentage of women (around 60%) with postmenopausal osteoporosis, and a lack of vitamin D (Sweet, Jeremiah, & Galazka, 2009) . Vitamin D deficiency leads to muscle disturbances, where calcitriol, by binding to the VDR of skeletal muscle cells regulates muscle contraction and relaxation, increases protein synthesis and the entry of calcium into the cell. In the situation of vitamin D deficiency there is a loss of muscle fibrils of type II and a decrease in muscle strength and increased risk of falling and fractures (Dawson-Hughes et al., 2005; Vieth & Fraser, 2002) . Optimal prevention of bone fractures in women with postmenopausal osteoporosis, in addition to the application of antiresorptive therapy, includes adequate supplementation of vitamin D, whose unique dual effect on bone and muscle tissue increases bone mineral density, but also the prevents falls (Canalis, 2010) . Nowadays it is considered that for the optimal anti-fracture value of 25 (OH) D serum concentration of 100-120 nmol/L the required daily intake of vitamin D 3 needs to be 1000 IU, if the value of 25 (OH) D in the serum is 60-75 nmol/L, required daily intake of vitamin D 3 needs to be 2000 IU if the value of 25 (OH) D in the serum is 30-60 nmol/L and required daily intake of vitamin D 3 needs to be 3000 IU if the value of 25 (OH) D in the serum is less than 30 nmol/L (Grand et al., 2005; Jackson et al., 2006) . These recommendations are in line with recommendations of American osteoporosis Foundation (Cosman et al., 2014; National Osteoporosis Foundation, 2015) . There is evidence that treatment with bisphosphonates should be initiated only after ensuring anti-fracture concentration of 25 (OH) D serum is achieved, because otherwise their efficiency is significantly smaller (Cooper, 2006) .
Testing of vitamin D status is not part of the daily routine in the diagnosis and treatment of osteoporosis. It is desirable that all patients with osteoporosis have at least one paired finding of 25 (OH) D in the serum, one at the end of winter and one at the end of summer, when minimum and maximum concentration of 25 (OH) D is expected. Determination of vitamin D status is required in patients with hypercalcaemia, hypocalcaemia, elevated PTH, hypercalciuria, hypocalciuria and in patients with a history of prior fractures (Pilipović, Branković, & Vujasinović, 2005) .
Calcium and parathyroid hormone
The human organism contains 1000-1200 grams of calcium, 99% of which is located within the bones. 88% of the total amount of calcium in bone is bound to phosphorus (Ca: Pa = 2: 1); 1% of the total amount of calcium is contained within the body fluids in the intra-and extracellular space. Calcium requirements vary by age, sex and physiological state. The organs involved in its metabolism are bones, intestines and kidneys, all of which happens under the influence of PTH, calcitriol, sex hormones and glucocorticoids. The absorption of calcium through the intestinal epithelium occurs passively (non-saturable) and trancellular (saturable) pathway.
Calcium binding protein calbinidin D plays a key role in the transfer of calcium through the enterocytes and the latest data suggest that estrogen can stimulate this influx through cAMP. Calcium homeostasis through osteocytic membrane occurs in the process of active exchange of calcium between the extracellular fluid and bone, wherein the amount of calcium that enters the bone is equal to the amount that comes out (about 500 mg/day), so that bone mass remains constant. Calcitriol via the VDR receptor stimulates: transcription of calbinidin (which increases calcium entry through the apical channels); Activity of Ca 2 + -ATPase in the basolateral membrane and calcium transport through tubulocytes.
PTH is a hormone essential in the process of bone remodeling in the regulation of calcium levels in the blood. Its effect is exerted by binding to receptors in the membrane of osteoblasts and tubular cells of the kidneys. It stimulates mature osteoblasts, which are unable to proliferate and to produce growth factors such as FGF-2 and IGF-1, which stimulates proliferation osteoprogenitor cells that have the receptor for PTH. FGF (fibroblast growth factor) is the primary mediator of action of PTH on bone. PTH leads to the accumulation of a multilayer of osteoblasts at sites of bone formation. Regulation of syntheses and secretion of PTH with Ca ions includes the negative feedback mechanism: the reduction of calcium levels leading to increased secretion and activity of PTH, which stimulates osteoclasts (indirectly via osteoblasts) to produce cytokines which are stimulating osteoblast and osteoclast precursors (IL-1, PG E2 , TNF, etc.), leading to bone resorption and release of calcium into the blood. PTH increases Ca reabsorption in the kidney, GIT absorption of Ca through stimulation of the synthesis of the D hormones, it increases resorption of phosphate from bones and increases excretion of phosphates. In intermittent secretion; PTH increases the number preosteoblasts and thus it is the most important factor in the formation of bone, while continuing high value of PTH leads to a predominance of bone resorption. Changes in the concentration of ionized calcium in the serum of 8% may lead to a triple change in PTH concentration (Lips, 2006; Stefanović, Zečević, & Petronijević, 2009 
METHODS
The study was conducted as a prospective study from May to December of 2010, in Institute of Physical Medicine and Rehabilitation "Dr. Miroslav Zotovic", Banjaluka.
A stratified sample (N) of 85 women was created with an average age of 50-70 years.
Once densitometry was done patients were divided into two groups:
• (n) of 50 women with a BMD t-test ≤ -2.5 SD -women with newly discovered osteoporosis • (n) of 35 women with a BMD t-test ≥ -1.0 SD -women who do not have osteoporosis. All respondents surveyed questionnaire, which includes risk factors for osteoporotic fractures.
After the DXA, their fasting venous blood (PTH, 25 (OH) D serum Ca) and capillary blood (Ionized Ca) was drawn.
Total Serum Ca was determined by spectrophotometry using Roche Cobas C 111, and ionized Ca was determined by potentiometric method using Roche Analyzer 9180th.
Reference range of the SCa is 2.15 to 2.55 mmol/L; while reference range of Ca ++ is 1.05-1.35 mmol/L. Serum concentrations of PTH and 25 (OH) D were determined using electrochemiluminiscent immunochemical method using Roche Elecsys 2010. Reference range of PTH is 15-65 pg/mL.
The significance of the investigated parameters between groups formed on the basis of the value of BMD, was determined using t-test for independent samples and using U test for non-parametric comparison. Level of statistical significance was arbitrary chosen as p < .05.
The correlation of tested parameters with the levels of 25 (OH) D in the group of women with osteoporosis, was statistically calculated using correlation test and was shown as a correlation coefficient. Legend: n -number of inhabitants; Min -mnimum; Max -maxmum; M -mean; SD -standard deviaton, v -varianca.
Significance of differences of the most-represented risk factors between the two groups is presented in tabular form. Level of statistical significance was arbitrary chosen as p < .05. Tables 3 and 4 show minimum and maximum values, means, standard deviations and variance for Legend: n -number of inhabitants; Min -mnimum; Max -maxmum; M -mean; SD -standard deviaton, v -varianca. age, duration of menopause, the value of vitamin D, PTH, ionized calcium, total calcium, BMD L1-L4 in g/cm 2 and t-score, and the value of the left femoral neck BMD in g/cm 2 and t-score for both groups. Figure 1 presents the both groups of postmenopausal women and the percentage distribution of deficiency or insufficiency of vitamin D in the given group. In the group of women with BMD ≤ -2.5 SD, 23 women, or 46%, had the insufficiency of vitamin D, while 27 women or 54% of them, had a deficiency of vitamin D. In women with BMD ≥ -1.0 SD, 7 women had vitamin D insufficiency (28.6%), while 28 of them (71.4%) had a deficiency of vitamin D.
RESULTS
Out of 85 women surveyed none have had a value of vitamin D above 75 nmol/L.
The association of vitamin D deficiency with values of ionized serum calcium and parathyroid hormone in women with postmenopausal osteoporosis are showen in Figures 2 and 3 . Figure 4 shows the correlation between the levels of ionized calcium (mmol/L) and the level of 25 (OH) D (nmol/L), measured in a group of patients (n) 50 with BMD ≤ -2.5 SD. Very low correlation coefficient R² of .0031 shows that there is no correlation between the examined parameters in the study group (p > .05). Figure 5 shows the correlation between the serum calcium level (mg/dL) and levels of 25 (OH) D (nmol/L), measured in a group of patients (n) 50 with BMD ≤ -2.5 SD. Very low correlation coefficient R² of .0077 shows that there is no correlation between the examined parameters in the study group (p > .05).
FIGURE 1 The frequency and degree of vitamin D deficiency (nmol/L) in both groups.

FIGURE 2 Scatter diagram of correlation values of PTH (pg / mL), and the value of 25 (OH) D (nmol / L) in the group of patients with BMD ≤ -2.5 SD.
The representation of the most common risk factors for osteoporotic fractures are showen in Table  7 . Figure 6 and 7 show the absolute and relative presence of risk factors in a group of patients (n) 50 with BMD ≤ -2.5 SD and a group of patients (n) 35 with BMD ≥ -1.0 SD. Table 8 shows that there is no statistically significant difference between the most common risk factors between two group of women (p > .05). 
FIGURE 3 Scatter diagram of correlation of values of PTH (pg / mL), and the value of 25 (OH) D (nmol / L) in the group of subjects (n) 35 with BMD
FIGURE 4 Scatter diagram of Correlation of ionized calcium (mmol L) and the value of 25 (OH) D (nmol L).
FIGURE 5 Scatter diagram of correlation values of serum calcium (mmol/L) and the value of 25 (OH) D (nmol/L).
DISCUSSION
Loss of bone density begins with irregular menstrual cycles. Postmenopausal women may be classified into two groups according to the rate of bone loss in postmenopausal patients: the "quick" and "normal" loss of bone mass. 1/3 to 1/4 of women in the general population belong into the first group (Morris & Anderson, 2010) .
All the subjects covered by our study, were postmenopausal (age 50-70 yr.). The mean age of those in the group with BMD ≤ -2.5 SD was 61.54 ± 5.21 years with an average duration of menopause 12.34 ± 5.64 years. In the group of patients with BMD ≥ -1 SD mean age was 59.03 ± 4.79 years and the average duration of menopause was 7.97 ± 6.37 years (Table 3 and 4) .
In both groups the mean value of 25 (OH) D fell within deficiency range , with a group of BMD ≥ -1 SD having a value of 25 (OH) D higher than in the group of women with osteoporosis (35.67 ± 10, 47 nmol/L vs 26.84 ± 14.69 nmol/L) (Table 3 and 4).
In correlation with the values of 25 (OH) D as was expected the higher values of PTH were obtained with women with osteoporosis (44.34 ± 17.23 pg/ mL) compared to women with normal DXA 35.22 ± 19.73 pg/mL), although the value of PTH in both groups were within normal range (Table 3 and 4) .
In both groups of subjects values of calcium in the serum, as well as ionized calcium were within normal range, except that the values of the biologically active, ionized calcium in the group of patients with BMD ≤ -2.5 SD (1.31 mmol/L)was lower than in the group with BMD ≥ -1 SD (1.34 mmol/L) ( Table 3 and 4) .
By testing the studied parameters within the two groups, we obtained statistical significance for age, duration of menopause, PTH and ionized calcium (p < .05), while for 25 (OH) D we obtained strong statistical significance (p < .01).
FIGURE 7
The presence of risk factors in the group of women with BMD ≥ -1.0 SD presented absolute (n) For serum calcium we did not ind statistically significance (Table 5) (Jovičić, Ignatović, Beletić, Mirković, & Majkić-Singh, 2012; Sempos, Vesper, Phinney Thienpont, & Coates, 2012) .
European multinational study included 8531 women receiving treatment for osteoporosis and showed that 80% of women had a value of 25 (OH) D less than 80 nmol/L, and about 30% of women had less than 50 nmol/L (Kanis et al., 2009; Lanyon, & Skerry, 2001) . Based on recent tests in Serbia, it was found that out of 92 postmenopausal women with osteoporosis, vitamin D deficiency was present in 49% (cut-off value of 25 (OH) D of 50 nmol/L or less), and even 67% of respondents had lack/ shortage of vitamin D, if 75 nmol/L 25 (OH) D was taken as a normal value (Ćirković, Petronijević, Ristić, Glišić, & Stefanović, 2010) .
Our study found a high incidence of vitamin D deficiency in both group of postmenopausal women, which is consistent with the results of numerous studies. In the group of patients with BMD ≤ -2.5 SD, 54% of respondents (n = 27) had a vitamin D deficiency, and 46% (n = 23) lack of vitamin D. In the group of patients with BMD ≥ -1 SD, 71, 4% of the patients (n = 28) had lack of vitamin D, and 28.6% (n = 7) had vitamin D deficiency (Figure 1 ). It is interesting that none of the respondents from both groups had normal vitamin D status, if the "cut of " 25 (OH) D was 75 nmol/L.
By testing the significance of differences, we confirmed a statistically significant difference between the correspondent classes of vitamin D (25 (OH) D < 25 nmol/L and 25 (OH) D 25 to 75 nmol/L) between the groups (p < .01) ( Table 6) .
One of the most important factors which lead to significant bone loss in postmenopausal women is the decline in vitamin D status (Outila, Kärkkäinen, & Lamberg-Allardt, 2001) . By acting on the osteocytes, metabolites of vitamin D enhance the quality (strength and elasticity) of the bone, thus stimulating enchondral growth, thereby reducing the incidence of fractures (Roodman, 1999; Winsloe, Earl, Dennison, Cooper, & Harvey, 2009 ). It appears that vitamin D increases bone formation and mineralization not only through its stimulating effect on the intestinal absorption of calcium and phosphate, but also by its effect on the differentiation of osteoblasts. Owen and colleagues have shown that vitamin D coordinates the sequence of the development of osteoblast-specific effects on the temporal gene expression and protein synthesis of a number of osteoblasts. It's calcemic effect 1.25 (OH) 2D owes to the activation of osteoclastic bone resorption, which is a secondary effect of the intermediate vitamin D receptor to RANKL-expressing osteoblasts (Owen, Aronow, Barone, Stein, & Lian, 1991) . Typical changes within the bones in vitamin D deficiency patients are: increased resorption, decreased formation, decreased production of bone matrix and reduced mineralization, leading to disorders of architecture and mechanical stability of the bone. Also, vitamin D exerts a significant effect on muscle tissue by regulating calcium metabolism within the muscle cells, which is important for the process of contraction and relaxation of muscle fibers (Cumming & Nevitt, 1997) .
Parathyroid hormone -In the last decade, numerous studies have consistently shown that for many people there is a vitamin D insufficiency, which is sufficient to cause an increase in serum PTH values (Aloia, Feuerman, & Yeh, 2006) . Souberbielle and associates have suggested reducing the reference values of PTH from the current 65 pg/ml to 46 pg/ mL (Souberbielle et al., 2001) . They found that the exclusion of people with low values of vitamin D had a significant influence in determining the value of the upper reference range of PTH, and have concluded that when determining the reference values of PTH, both people with low vitamin D, and those whose values of vitamin D were above 25 nmol/L should be taken into account (Souberbielle et al., 2003) .
Our results showed that the mean value of PTH in both groups were within normal range (Table 3 and 4), so that in this case one could speak of relative secondary hyperparathyroidism. The highest value obtained in the PTH group of patients with BMD ≤ -2.5 SD was 97.34 pg/mL (Table 3) .
Correlation analysis showed a statistically significant (p < .01) negative correlation between 25 (OH) D and PTH values in both groups (Figure 2 and 3) .
Ionized serum calcium -an adequate intake of calcium and vitamin D is the first step in the prevention and treatment of osteoporosis. PTH and the active form of vitamin D (calcitriol) and to a lesser extent, sex hormones and glucocorticoids are crucial in maintaining the balance of calcium.
The analysis of our data found that the mean values and ionized serum calcium, in both groups, were within the normal range (Table 3 and 4) .
Correlation analysis values of 25 (OH) D and ionized calcium has shown that there is no correlation between the examined parameters in the group of women with BMD ≤ -2.5 SD, which also applies to serum calcium (Figure 4 and 5) .
There is evidence from clinical studies that when administered daily to women who are post-menopausal and osteoporotic, vitamin D not only increases bone mineral density but also reduces the risk of vertebral and non-vertebral fractures. This antifracture effect of vitamin D not only has a direct effect on bone, but also an indirect one, by increasing the muscle strength and thereby reducing the tendency to fall and the occurrence of fractures (Recker et al., 2004; Trivedi, Doll, & Khaw, 2003) . Table 8 shows the presence of risk factors in both groups. We analyzed the most common risk factors that were present in all subjects, and then they were graphically represented and grouped as follows: previous fractures in adulthood, early menopause (before 45 years), cigarette smoking (more than 10 cigarettes a day) and insufficient physical activity (Figure 6 and 7).
Previous fractures in adulthood -in the group of patients with BMD ≤ -2.5 SD, eight subjects had this risk factor. Out of these eight, seven had a value of 25 (OH) D below 25 nmol/L, which confirms very important role of initial serum concentration of 25 (OH) D for anti-fracture effectiveness of vitamin D. In the group of women with normal BMD, two women have presented with this risk factor.
Early menopause -in the group of patients with BMD ≤ -2.5 SD, nine subjects had this risk factor, which was also the most common risk factor in this study group. In the group of women with normal BMD, early menopause as a risk factor was present in three respondents.
Lack of physical activity -construction and remodeling of bone tissue, and suppression of osteoclasts work, imply that physical activity is a must in the prevention and treatment of osteoporosis. In order to raise these effects, physical activity must be a regular, appropriately intense and that of appropriate sort. This has the effect not only on bone density, but also on trabecular arrangement (Peluso & Guerra de Andrade, 2005) . Exercises strengthen the muscles and improve the stability in movement, thus significantly reduce the risk of falls, particularly in the elderly, where the fall is the major risk for bone fractures. National Osteopoross Foundation sought update its consensus statement on peak bone mass. The working group has been formed and scientific literature searches from January 2000 through December 2014 were conducted with with reference to the way that lifestyle can affect the achievement of maximum bone density . The writing group concluded that there was strong evidence for the benefits of physical activity and calcium intake , moderately strong evidence for the benefits of vitamin D , and weaker evidence for the impact of other factors of lifestyle to achieve maximum bone density (Avenell, Mak, & Connell, 2014; Weaver, 2015; ) .
In the group with BMD ≤ -2.5 SD, insufficient physical activity was represented in three respondents, and in the group with normal BMD, this risk factor was most frequent (five subjects).
Smoking of cigarettes -in the course of our research, excess nicotine use is considered smoking more than 10 cigarettes per day, given that many studies have shown that "small amounts" of nicotine have no effect on BMD (Daniel, 1972) . The effect of nicotine on bone mineral density reduction is achieved through increased levels of estrogen metabolism in the liver, impaired circulation, reduced resorption of calcium and vitamin D, and a direct action on bone cells (Deng et al., 2000) . In our study, this risk factor was present in seven subjects in the group with BMD ≤ -2.5 SD and in three women with normal BMD.
By testing the significance of differences of most commonly represented risk factors in both groups, we have not found statistical significance (p > .05) ( Table 8) . 
